A monobloc resection of the fronto-ethmoid sphenoid area may be performed through a combined cranial and facial approach. Osmotic cerebral dehydration increases the exposure of the anterior cranial fossa. The results of treatment in 26 patients (24 with malignant disease of the ethmoid area who had disease recurrence after previous radiotherapy with or without surgery) and the complications encountered are described. The clinical details of 9 of these patients have been included in an earlier report (Clifford 1977).
Introduction
The superior group of paranasal sinuses (frontal, ethmoid and sphenoid) form the central part of the floor of the anterior cranial fossa. Cancers of this area are usually treated by piecemeal removal through a lateral rhinotomy either before or after radiotherapy. Reports on large series of patients show a five-year cure rate ofless than 30% (Harrison 1972) . A major cause of treatment failure has been local recurrence of the growth. The transcranial approach has been developed to permit a monobloc resection of the superior group of paranasal sinuses with the aim of improving treatment results. Dandy (1941) and Ray & McLean (1943) first described a transcranial and facial approach to excise malignant tumours of the orbit. Smith et al. (1954) used a combined approach to treat three patients with advanced fronto-ethmoidal-orbital cancers and successfully salvaged one patient. This technique was developed with the aim of performing a total mono bloc excision of malignant disease of the Ironto-ethmoid-sphenoid area which could be extended to include the orbit and maxilla if necessary (Ketcham et al. 1963 , Van Buren et al. 1968 ). The postoperative complications have been described (Ketcham et al. 1966) . The therapeutic benefits that are associated with this approach are now generally recognized (Millar et al. 1973 , Westbury et al. 1975 , Derome 1976 , Sisson et al. 1976 , Shah & Galicich 1977 .
Initially, a formal frontal osteoplastic flap was raised to give access to the anterior cranial fossa. Elevation and posterior retraction of the frontal lobes was facilitated by draining CSF from the cerebral ventricles and lumbar subarachnoid space, but further experience demonstrated that adequate exposure could be gained through an enlarged frontal burr hole placed immediately above the level of the upper margins of the frontal sinuses (Ketcham et al, 1973) .This procedure provides full exposure of the entire anterior cranial cavity and access to the optic foramina. The approach is simple and complicatjons such as infection of the bone flaps and meningitis are reduced (Van Buren et al. 1968 ). But if tumour extension beyond the lesser wing of the sphenoid necessitates access to the middle cranial fossa and greater wing of the sphenoid area, a frontotemporal craniotomy will be required to give adequate exposure. Schramm et al. (1979) have described their experience in treating 12 patients with malignant disease of the anterior skull base. The transcranial approach was either through a frontal burr hole or by way of a frontotemporal craniotomy, and the en bloc resection was achieved by combining the approach from above with a lateral rhinotomy (with or without orbital exenteration and maxillectomy), or with a transoral transpalatal resection. Clifford (1977) described in detail some modifications of the Ketcham et al. (1973) frontal burr hole technique. Ventricular and spinal subarachnoid drainage were not used. The field of exposure was significantly increased by the use of osmotic cerebral dehydration, and total en bloc resections of large tumours, including tumours of the basisphenoid and basiocciput (Tanner et al. 1979) , were possible without extending the entrance incision to a formal frontotemporal craniotomy.
Methods

Preoperative assessment
In addition to routine clinical and radiological examination, the following special examinations assist in determining tumour extension, the operative approach and the probability of cure. Complete ophthalmological examination: If tumour has eroded the posterior ethmoidal or sphenoidal sinuses, one or both optic foramina may be involved. If the patient has a visual defect it is necessary to determine whether an eye must be removed to ensure total tumour resection. If an oculomotor defect is present, the site of the lesion in the orbit, optic fissure or cavernous sinus must be determined.
Submentovertical tomography provides precise information on the extent and nature of bone destruction and is of particular value if erosion of the lesser wing of the sphenoid and middle fossa extension is considered. Computerized axial tomography with contrast enhancement will outline the soft tissue tumour bulk ( Figure 1 ). Carotid angiography: Arterial displacement or the development of a tumour-induced adventitious blood supply from the internal carotid system may be evident (J Dawson, 1978, personal communication) . 
Operative technique
The technique used has been described previously (Clifford 1977) . The superior approach is through a 19 mm burr hole which may be enlarged if necessary. A vertical forehead incision prolonged horizontally across the nasion and then vertically downwards to provide access to the lateral wall of the ethmoid gives a good postoperative cosmetic result (Figures 2 and 3 ). An i.v. infusion of mannitol 20% (total dose 1.0-1.5 g/kg) provides very effective cerebral shrinkage (C Ramsey, 1976, personal communication) . The dura is dissected back from the crista galli and the cribriform plate by lintine strip and patti dissection until the jugum... sphenoidale and the margins of the lesser wings of the sphenoid are reached. If the tumour has grown through the posterior wall of the frontal sinuses or through the cribriform plate the Fjgure 2. Ink marking of facial incision. Exact apposition of the wound edges is facilitated by preincisional ink puncture marks on the wound edges In this instance the left medial orbital roof is included in the monobloc resection decided that an orbital exenteration and removal of the roof is necessary, an appropriate lateral bone cut is made. The surgical specimen is delivered through a facial incision -either a Moure's lateral rhinotomy if the specimen includes the orbital contents and ethmoidal labyrinth, or a Weber-Fergusson if a maxilla is included. After removal of the surgical specimen tears in the dura are repaired and defects closed with autologous fascia lata. A split skin graft is used to cover the exposed dura and raw surfaces remaining after the involved facial structures have been removed. The skin graft is held in place with BIPP packs which are changed at weekly intervals (Figures 6, 7, 8 & 9) .
Patients require postoperative nursing of a high order. The urethral catheter, which is inserted preoperatively before osmotic dehydration commences, should be retained for at least 24 hours after operation. Regular electrolyte estimations are necessary during the postoperative period. Antibacterial chemotherapy (penicillin +streptomycin+sulphadimidine or oxytetracycline) is started the day before operation and continued until the BIPP packs are finally removed (usually 2 weeks). Intranasal crusting is usual postoperatively due to the wide removal of structures normally covered by columnar ciliated epithelium; the nasal airways need daily irrigation with a 1%sodium bicarbonate in saline solution to remove the crusts.
This report covers experience gained using this procedure in the management of26 patients. The clinical presentation and postoperative state of 9 of these patients have been included in an earlier report (Clifford 1977) . Operating times varied from 3t to 4t hours. Twenty-five of the 26 patients were referred with residual or recurrent disease after prior conventional therapy had failed. The one exception was a patient with very large ivory osteomata arising from the fronto-ethmoidal area to invade the anterior cranial fossa. One patient with a large chondroma of the basisphenoid and basiocciput (Tanner et 01. 1979) had had previous transnasal and transpalatal surgery. Twenty-four patients had had radical radiotherapy, combined in 16 cases with a surgical procedure, i.e. lateral rhinotomy and an ethmoidectomy with or without maxillectomy.
Results
Since 1973,26 patients have undergone transcranial facial resections (Table I) ; there have been no operative mortalities. Twenty-five patients were treated for recurrent disease following failure of primary therapy. The one previously untreated patient had large ivory osteomata, and though subsequent X-rays demonstrated that removal was incomplete, the patient's presenting symptom (proptosis) was relieved and the transcranial approach allowed the torn Four are alive with disease; in 2 of these resection was known to be incomplete at operation. Seven patients are dead and in 2 death was associated with metastases. Local disease recurrence has been evident in only one patient (malignant melanoma). In all patients the scalp wound healed primarily and there were no split skin graft failures. The possible complications following this procedure have been classified as major and minor (Ketcham et al. 1966 , Van Buren et al. 1968 ,and the incidence in this series is shown in Table 2 . One patient had a CSF leak on the seventh postoperative day, evident when the BIPP pack was removed. The site of the leak was identified (dura previously attached to the alar process of the crista galli) and closed with a small free muscle graft. Prolonged postoperative coma was not a problem. One patient had signs of hypothalmic damage (hypotension and hyponatraemia) which responded to the administration of potassium. Progress was monitored by daily electrolyte estimations and it was possible to stop treatment after five days. The acute brain syndrome (irrational behaviour and euphoria alternating with somnolence, described by Ketcham et 01. 1966 )occurred in 2 patients; no specific neurological signs were noted and both patients responded to general medical and nursing care. In one patient with an esthesion-neuroblastoma which had encroached on the orbit close to the optic foramen, monocular blindness occurred; operative damage to the ophthalmic artery ( Figure  1 ) was thought to be the cause. One patient had diplopia which was later corrected satisfactorily. One patient with an ethmoidal adenocarcinoma presented with acute monocular blindness; at operation total tumour removal was deemed to be impossible as the tumour extended posterior to the optic foramen and involved the sphenoparietal and cavernous sinuses, but the blindness was relieved.
Discussion
Osmotic cerebral dehydration provides full access to the anterior cranial fossa, from the posterior walls of the frontal sinuses to the lesser wings of the sphenoid, through a large frontal burr hole. This approach, combined with Moure's lateral rhinotomy or a Weber-Fergusson incision, will enable a monobloc resection of malignant tumours of the Ironto-ethmoidsphenoid complex to be undertaken. Dura involved by tumour can be excised and defects and tears can be repaired under direct vision. Posterior ethmoidal and sphenoidal tumours can be, excised including the medial margins of the optic foramen, and in some instances this area may be surgically exenterated without sacrificing an eye. The monobloc excision should include the posterior walls of the frontal sinuses, both ethmoidal labyrinths, the anterior part of the sphenoidal sinuses and the nasal septum. If necessary, orbital exenteration including part of the orbital roof and a maxillectomy may be included in the operative specimen. Derome (1976) has described the use of bone grafts to repair the skull base. This is unnecessary. The split skin graft, applied to the dura and exposed facial structures, provides adequate cover. It takes readily on the dura and though the skull base defect is pulsatile for about 3 months, eventually a subepithelial layer of fibrous tissue is formed and the defect ceases to pulsate. No encephaloceles or brain hernias have occurred in the 26 patients treated. Sisson et al. (1976) have described the use of the nasal septum to close the skull base defect, but this should be included in the surgical specimen and its use is unnecessary and breaches the monobloc concept. A vertical forehead incision provides a good final cosmetic result. If tumour extends through the lesser wing of the sphenoid to involve the anterior part of the midcranial fossa, a frontotemporal osteoplastic flap will have to be raised to give adequate exposure to the greater wing of the sphenoid (Schramm et al. 1979) .
